Next generation sequencing (NGS)
Polygenes -are a group of non-allelic genes, each having a small quantitative effect, that together produce a wide range of phenotypic variation.
Quantitative trait loci (QTLs) -are the loci or regions in the genome that contribute towards conferring tolerance to abiotic stresses (e.g. drought, salinity) or resistance to biotic stresses (e.g. fungal, bacterial, viral diseases) or improving agronomic traits (e.g. yield, quality) which are generally controlled by polygenes and greatly depend on gene ×
environmental (G × E) interactions.
Sustainable agriculture -refers to efficient agricultural production while maintaining the environment, farm profitability and prosperity of farming communities.
Sustainable development -is defined as balancing the fulfillment of human needs with the protection of the environment so that these needs can be met not only at the present time, but also in the future.
Definition of the subject
There has been significant improvement in production and productivity of important cereal crops globally as a consequence of the "Green Revolution" and other initiatives (1) . However, today the stage has reached that the available traditional methods of crop improvement are not sufficient to provide enough and staple food grains to the constantly growing world population (2) . This situation is projected to be worse by the year 2050 especially in context of climate change (3) . In other words, the conventional plant breeding practices may not able to achieve the sustainability in today's agriculture.
It is under such circumstances, that advances in plant genomics research are opening up a new era in plant breeding where the linkage of genes to specific traits will lead to more efficient and predictable breeding programmes in future. Several initiatives have been started towards use of genomics technologies in number of crop plants to ensure the sustainable production of healthy and safe crops and the results are encouraging. It is therefore expected that the genomics will be the integral part of the agricultural/ plant breeding practices in future for improving crop productivity leading to achieve food security and sustainable production.
Introduction and importance of sustainable agriculture
The goal of agricultural science is to increase crop productivity coupled with the quality of the products, and maintain the environment (1) . Food security is a growing concern worldwide and more than 1 billion people are estimated to lack sufficient dietary energy availability (2) . The issue of "food security" has become so important that prominent scientific journals including Science have also published a special issue on this subject recently (February 12, 2010 issue). With the current rate of growth, the global population is likely to plateau at some 9 billion people by roughly the middle of this century (3).
With this ever-increasing human population and amidst the fear of shrinking resources in terms of cultivable area, irrigation resources, newly emerging insect pests, stagnated yields, etc., it has become difficult to maintain agricultural sustainability. In order to make today's agriculture sustainable it is necessary that plant breeders adopt innovative technologies that can increase the efficiency of selection with more precision (4) . Under such circumstances molecular approaches including modern genomics and genetic engineering technologies have emerged as powerful tools to assure rapid and precise selection for the trait(s) of interest. Maintaining effective and environmentally friendly agricultural practices is a necessary prerequisite for maintaining sustainability.
Plant genomics is a rapidly developing field, which is radically improving our understanding of plant biology by making available novel tools for the improvement of plant properties relevant to sustainable agricultural production. Recent advances in high throughput genomics technologies including that of next generation sequencing and highthroughput genotyping have helped immensely in understanding the functions and regulation of genes in crop plants (5) . The ever-increasing availability of genome sequences in crop plants have facilitated greatly the development of genomic resources that will allow us to address biological functions and a number of basic processes relevant to crop production leading to sustainable agriculture.
One of the myths linked to sustainable agriculture means going back to past techniques/ farm practices, which were followed by our ancestors. In fact, sustainable agriculture can be achieved by combining some of the wisdom of past practices, with careful use of current technology, including the vast array of information technologies now available.
Sustainable agriculture is a key element of sustainable development and is essential to the future well-being of the human race and the planet. A compelling need exists for restorative and sustainable agriculture to help address the pressing trends of population, climate, energy, water, soil and food. Sustainable agriculture needs to be economically viable, environmentally sound and socially acceptable. In other words, it is a system of agricultural production that, over the long term, will: i) satisfy human food, feed and fibre needs; ii) enhance the environmental quality and the natural resource base upon which the agricultural economy depends; iii) make the most efficient use of available technologies, non-renewable resources and on-farm resources, and integrate, where appropriate, natural biological cycles and controls; iv) sustain the economic viability of farm operations; and v) enhance the quality of life for farmers and society as a whole.
There are various components of sustainable agriculture, which include technological interventions, environmental and socio-economic factors. As the factors related to socioeconomics and environments have been discussed in a number of reviews earlier, in this article, we focus on the interventions of plant genomics technologies in crop breeding.
Contribution of plant genomics technology to agricultural sustainability
Plant genomics technologies have contributed immensely in today's agriculture which has led to better understanding of how plants function, and how they respond to the environment. This has also helped in achieving targeted objectives in breeding programs to improve the performance and productivity of crops. The DNA based molecular markers has facilitated smarter and knowledge based breeding, by enabling early generation selection for key traits, thus reducing the need for extensive field selection.
Besides this, the molecular tools can effectively be used for the characterization, 
Some modern breeding approaches
The availability of genomic resources in almost all important crops combined with information on pedigrees as well as optimized methods of precise phenotyping make it possible to undertake genomics-assisted breeding approaches for crop improvement. In fact, some molecular breeding approaches like Advanced-Backcross QTL (AB-QTL)
analysis, marker-assisted selection (MAS) have been successfully employed in several crops leading to improved cultivars, some other approaches such as marker-assisted 
Marker-assisted selection (MAS)
There are three major steps involved in MAS: (i) identification of molecular marker(s) associated with trait(s) of interest to breeders; (ii) validation of identified marker(s) in the genetic background of the targeted genotypes to be improved; and (iii) marker-assisted backcrossing (MABC) to transfer the QTL/gene from the donor genotype into the targeted genotype. In context of marker-trait association, linkage mapping has been extensively used for identifying the markers associated with a trait of interest in a range of crops including cereals, legumes, horticultural crops, etc. These studies have been reviewed in detail in several reviews (14, 17) and books (18) . Although hundreds of studies have been undertaken, only a few studies were taken further to marker validation and MABC. This may be attributed to: i) identification of few markers associated with small-effect QTLs; ii) non-validation of markers in elite genotypes; and iii) slow adoption of markers by breeders in their breeding programs. Recent advances in association genetics, however, offer opportunities to overcome the first two constraints.
Association mapping (AM) is considered an alternative strategy to linkage mapping for identifying marker-trait associations and has been used extensively in human and animal systems. AM has a number of advantages over linkage mapping including the potential for increased QTL resolution, and an increased sampling of molecular variation (for reviews see 19, 20) . AM involves studying a natural population rather than the offspring of crosses, and associations in natural populations are typically on a much finer scale because they reflect historical recombination events. Several examples on marker-trait association using AM are available (21); however, there is a need for optimization of more advanced analytical tools in the area of association genetics (22) . It is anticipated that because of reduction in costs on marker genotyping (10), AM will be extensively used for trait mapping in the future.
Once the markers associated with a trait of interest are identified through linkage mapping or AM, the next step is to use these markers in the breeding programs. In this context, the selection of one or a few genes (QTLs) through molecular markers using backcrossing is a very efficient technique (23, 24) . Important advantages of MAS are that, it can be effectively utilized for traits with low heritability, for gene pyramiding, selection can be made at seedling stage and above all there are no issues involving GE crops (25) . Although use of markers in breeding programs through MABC is a common practice in the private sector (26) , MAS is in routine use in wheat and barley breeding programs in Australia (8, (27) (28) (29) A widely discussed success story of molecular breeding is the introgression of the FR13A
Sub1 locus conferring resistance against submergence in an Asian rice cultivar, Swarna (30, 31 ) that can confer tolerance up to two weeks of complete submergence. This has offered big relief to the large number of Asian farmers where rice land is located in deltas and low-lying areas that are at risk from flooding during the monsoon season every year.
Some selected examples of molecular breeding in rice and wheat (adopted from 16) are summarized in Table 2 . 
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Advanced-backcross (AB-QTL) analysis
Although MAS has been quite successful, it has always been a difficult task to tackle linkage drag especially when a QTL or a gene is to be introgressed from wild/ exotic species. Furthermore, in MAS, QTL/gene discovery and variety development are two separate processes. To deal with this problem and to harness the potential of the wild/unadapted germplasm in breeding programs, a new approach referred as advanced backcross QTL (AB-QTL) analysis was proposed by Tanksley and wheat (63) . It is anticipated that the use of AB-QTL will be accelerated in a range of crops for improving important traits such as disease resistance as well as yield traits.
Marker-assisted recurrent selection (MARS)
In 
Genome-wide or Genomic Selection (GS)
Although MAS has been practiced for the improvement of quantitative traits, it has its own limitations. Therefore in addition to MARS, Genomic Selection can be used to pyramid favourable alleles for minor effect QTLs at the whole genome level (68, 69) . saved by these different methods over each other for making selection). They used markers significantly associated with the trait to calculate the marker scores in MARS, whereas all markers (without significance tests) to calculate the marker scores in GS.
Responses to PS and GS were consistently greater than the response to MARS.
Furthermore, with population sizes of N = 50 or 70, responses to GS were 4-25% larger than the corresponding responses to PS, depending on the heritability and number of QTLs. In terms of economics, cost per unit gain was 26-57% lower with GS than with PS when markers cost US $1.50 per data point, and 35-65% lower when markers cost $0.15 per data point. Reduction in costs in sequencing and high-throughput marker genotyping may enhance uptake of GS for crop improvement in the future.
Challenges in adoption of genomic technologies
Developing sustainable approaches to agriculture is one of the most difficult challenges facing growers and scientists today. Agricultural sustainability involves successful management of resources for agriculture to satisfy changing human needs, while maintaining or enhancing the quality of the environment and conserving natural resources (71) . However, sustainable production is hampered by the decline in land and soil productivity as a result of inappropriate soil and water management and other agricultural practices, as well as misguided policies and frequent opposition to technological advances that have the potential to improve the quality of life of billions of people worldwide. This is in addition to the postulated challenges of climate change, the number of hazardous chemicals (pesticides and fungicides) which are constantly being released into the environment, and are becoming increasingly toxic to human and animal life (71) .
In recent years the use of promising biotechnology tools like genetic engineering (GE) has offered potential solutions to the above problems. However, the adoption of any new technique, particularly related to genetic engineering remains a policy matter and as mentioned above faces stiff opposition many a times. In a recent review, Farre et al. (25) addressed several of these issues and advocated to overcome on the major barriers to adoption, which are political rather than technical, for realization of the potential of GE crops in developing countries.
It is thus obvious that the challenges facing agriculture are massive, particularly with the controversies over GE crops world over. It is clear that current methods of food production, in both the developing as well as the developed countries, are neither sufficient nor sustainable (72) . Under these circumstances, genomics interventions have great role to contribute to sustainable agriculture. As mentioned in this article, genomics approaches are very powerful to predict the phenotype, with higher precision and efficiency, based on the genotype. A variety of approaches ranging from MAS to GS are available to become integral part of plant breeding. While in past, plant breeders were hesitant to use genetic variation existing in wild relatives of crop species in commercial breeding programs due to the long time it takes to recover desired phenotypes because of linkage drag, approaches like AB-QTL, in addition to MAS, can be successfully utilized.
Availability of NGS technologies, associated with low costs and high-throughput, offers the opportunity to sequence either entire or major proportion of the germplasm collection for a species present in the genebanks around the word to understand genome variation.
In case, the genome variation can be associated with the phenotype, which is not trivial, it will be possible to develop the ideotype, based on haplotype, of the variety to be developed.
Future directions
While success stories of genomics-assisted breeding are available in several crops, it must also be recognized that much of the genome information generated is not being routinely used by plant breeders, especially in public breeding programs (26) . This may be due to shortage of trained personnel, inadequate access to genotyping, inappropriate phenotyping infrastructure, unaffordable bioinformatics systems and a lack of experience of integrating these new technologies with traditional breeding (4, 26 Integrated breeding approaches (shown in the box in the middle) such as marker-assisted selection (MAS), marker-assisted recurrent selection (MARS) and genome-wide selection (GS) offer 'precision breeding' with a great potential, versus 'chance breeding' to contribute to sustainable crop improvement.
A vital task facing the plant breeding community today is to enhance food security in an environmentally friendly and sustainable manner. Though genomics interventions will not solve all the problems associated with agricultural production leading to sustainability, they have the potential, especially when are used in integrated manner as described in Fig.1 , to improve the breeding efficiency to address specific problems.
These include increasing crop productivity; diversification of crops; enhancing nutritional value of food (biofortification); and reducing environmental impacts of agricultural production. However, only through judicious, rational, and science-and need-based exploitation of genetic resources through genomic technologies coupled with conventional plant breeding and genetic engineering will lead to sustainable agriculture. 
